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Hampton, Va. 


ABSTRACT 


The effects of variable concentration, x, of Alumimim, Germanium, and 
Lanthanm atoms in Iron lattice on various Mossbauer parameters have been 
studied. Dilute binary alloys of (Fe-Al), (Fe-Ge), and (Fe-Al) containing 
up to X = 2 a/o of the dilute constituent were prepared in the form of ingots 
and rolled to a thickness of 0.001”. Mossbauer spectra of these targets 
were then studied in transmission geometry to measure changes in the hyper fine 
field, peak widths and isomer shifts as well as the ratio of the intensities 
of peaks (l, 6) to the intensities of peaks (2, 5)- It has been shown tuat 
the concept of effective hyperfine structure field in very dilute alloys 
provides a useful means of studying the effects of progressively increasing 
the solute concentration on host lattice properties. An effective hyperfine 
structure field measurement caua be used to infer the impurity/defect 
distribution changes needed in Fracture Mechanics Studies. 


INTRODUCTION 


Solute atoms in dilute iron alloys have an important bearing on their 
microscopic and macroscopic properties. In the simplest case, the non- 
magnetic solute atoms would randomly enter the host lattice and dilute the 
effective atomic moment of the host atoms. However, some recent accurate 
studies of the ferromagnetic properties of various binary alloys have revealed 
a more complicated behavior even for nonmagnetic metal impurities. Generally, 
the impurity atoms participate in the conduction process thereby affecting 
the charge (and spin) density at the host lattice sites. These changes in 
the electronic charge density affect the electrostatic interaction with the 
nucleus, leading to changes in the position of nuclear energy levels. 

Besides the local hyperfine interactions the presence of the impurity atoms 
also affects the elastic properties of the lattice cells and thus the alloy 
physical properties - such as yield strength and the fatigue behavior. 
Consequently, the information about the impurity atom distribution is of 
great interest to the physicist as well as the physical metallurgist. It 
is the purpose of this report to discuss the use of Mossbauer effect in 
inferring solute atom distribution in dilute iron alloys as a function of 
the solute concentration. 

The subject of this paper is 6ui Fe^T Mossbauer effect study of iron- 
rich alloys Fe X, where X is either Al, Ge, or La and its concentration 
ranges from 0 -*■ 2 a/o. The observed Mossbauer spectra at all concentration 



levels appeared to be normal Lorentzlan 6-peak patterns expected in pure 
iron foils and are analyzed as such in order to determine the hyperfine 
structure (hfs) peak positions and the line widths. (See appendix A for 
further discussion of unresolved spectra.) From the observed peak positions, 
the values of effective hfs field and the isomer shift are calculated. The 
hfs field values thus deduced are compared with the effective internal 
field values calculated on the basis of local magnetic fields in random 
binsury solid solution, as follows: 



( 1 ) 


where [ P/ \l = probability of finding the ith combination of n inmurity 
[ U, mjj ^ — 

atoms in 1 nn and m impurity atoms in the 2 nn shells. 


n, m < 


(n + m) < 



|^(n, m)|j^ = hfs field corresponding to the i th impurity ''.tom 
distribution 

- [(l + an + bm) (l + kc)] (2) 

i 

n = number of impurity atoms in 1 nn 

m = number of impurity atoms in 2 nn 

c = fractional concentration of impurity atoms 

a, b, k = constants to be determined by least squares fit of the 
experimental hfs field distribution to equation (l). 


Tin 

For impurity concentration <2.0 a/o, it is unlikely that there will be 
more than three impurity atoms in the 1 nn and 2 nn shells at any one 
time. (See appendix B for detailed calculations. Also, see discussion on 
pages 6 and 7. ) 
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The effective field concept was used for the following reasons: 


1. It is difficult to resolve close-lying , low intensity , satellite 
sextets from the dominant sextet because of large natural width of Fe57 
hyper fine structure (hfs) peaks. 

2. Micro-environmental fluctuations in disordered dilute alloys smear 
out the anticipated satellite structure - particularly at the solute 
concentration levels '>f <2 a/o. 

3. Statistical fluctuations in the experimental data points make it 
very difficult to resolve the composite spectral lines into a unique set 
of constituent lines. 

*4. The alloys show a progressive approach towards randomicity of Fe 
atom spin orientation as a function of the solute concentration, "rhis 
trend makes it difficult to obtain "true" calcxilated spectrum for a. triable 
solute concentrations. 

5. xn fatigue damage studies, an estimate of the relative probabilities 
of various types of atomic environments is not possible because detailed 
knowledge about the impurity /defect concentration and location is not 
available. Under such circumstances, the concept of Hgff might be more 
usefvil since it is dependent only on the location of the experimental 
centroid of the component lines. 

Rigorously, one should obtain the calculated spectr’im by siomming the 
spectra for iron atoms with (n, m) impurity neighbors assuming for each 
type of iron atom an internal field given by H(jj and a contribution to 
the total spectnim proportional to the probability, P(n, m)* This calculated 
spectrum should then be compared with the experimental spectrum in order to 
test uhe validity of the calculational model . 

It should be mentioned that Hgff is rather insensitive to the magnetism 
model used (i.e., whether localized or diffused band type) as long as one 
obtains a good single line fit to the experimental data. depends 

simply on the centroid of the lines of the component spectra and the 
solutions of different models adjust their values to give essentially the 
same value for the centroid. 

The isomer shift in the alloys is expected to vary with the solute 
concentration due to changes in the electron density at the nucleus. If 
there is a change, in total charge density at the iron 

nucleus in an alloy compared with that in the pure iron, the isomer shift 
change, A(I.S), can be written as follows 
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( 3 ) 


A(I.S.) = 2/5 Ti Z /r^ - \ a1i|i(o)|^ 

\ ex gdl s 


= - 7 X 10 A|t|> (o)|^ mm 

® sec 


(M 


(using reported values of R^^ and 


( 2 ) 


2 

Clearly, a reduction in l<^(o)p implies a shift in the isomer shift in 
the positive direction and vice versa. The experimentally observed isomer 
shift changes as a function of the impurity concentration should thus 
provide information on A|4»g(o}|^ and, hence, the hyperfine field. 


A hyperfine field spread resulting from local fluctuations of composition 
throughout the alloy is expected to be accompanied by the broadening of the 
line widths. (3) When the impurity atoms are nonmagnetic, they provide a 
rather large local magnetic disturbance resulting in non-negligible line 
broadening. The line broadening is expected to be much less if the impurity 
atoms have a large magnetic moment of their own. 


Specific results for the three alloy series are discussed in the 
following pages. 


EXPERIMENTAL PROCEDURE 


The Mossbauer absorption spectra of Fe^^ in alloys of iron with two 
nonmagnetic elements (A1 and Ge) and one transition metal (La) have been 
measured. The alloys were made by induction melting of the mixture of the 
two components in an argon atmosphere in an alumina crucible. The solute 
concentration was varied from 0 a/o to 2.0 a/o in steps of 0.5 a/o. The 
spectroscopic analyses of the various alloy constituents are sumraaryzed in 
Table I below. 
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Table I.- Summary of the Analyses of Alloy Constituents 


I Iron 

1 99.955S Purity 

— 

Aluminum 
99.999? Purity 

Lanthanum 
99.85? Purity 

GeriMinium 
Highest Available 
Purity 

Iron - Major 


A1 - Major 

La - Major 


It was supplied 





with no ”nlnes” 

Mn - 0.028J6 


Si - 5 ppm 

A1 - O.OU? '' 


designation for the 






purity. But it was 

S - 0.025% 

§ 

Fe - 5 ppm 

Si - O.OU? 

CO 

first reduction 





i 

material with a 

C - 0.015% 

} ^ 

Mg - 2 ppm 

Ca - O.OU? 

tJ 

resistivity of 


1 



} 

> 5 ohm-centimeter 

P - 0.005? 

§ 

Cu - 1 ppm 

Fe - 0.02? 

• 

X 








Si - 0.003? 


Ca - 0.5 ppm 

Mg - 0.01? 





Ml - 0.1 ppm 

Y - 0.001? > 




The alloy specimen were cold rolled into foils 0.901” thick and cut into 
l” X l” pieces for use as absorbers. A 25 me Co57(pt) source provided 
the lU.lt keV Moss\auer radiation. A conventional electromagnetic drive 
system moved the soxirce at constant acceleration. The velocity cedibration 
was performed using the known(^) magnetic hyperfine splitting of Fe5T in 
iron. The velocity versus count rate spectrum was recorded using a 102U 
channel multichannel analyze, in the time mode of operation. These spectra 
were analyzed using a computer program described elsewhere. (5) Figur<? 1 
shows a schematic disigram of the experimental system used in this study. 


EXPERIMENTAL RESULTS AND DISCUSSION 


For each alloy system, the following parameters were measured as a 
function of the solute concentration. 


I.S. 


- Isomer shift of the spectrum 


6> ” Average line width for peaks 1 and 6 in the spectrum 

<Go> - Average hyperfine splitting for the ground state in Fe^7 
in the alloy 


<Gj^> - Hyperfine splitting for the lU.U keV state in Fe5T in the alloy 

- Ratio of the sum of the areas under lines 1 and 6 to the sum 
of the areas under lines 2 and 5 in the spectrum. 


There appeared to be no quadrupole shift in any of the alloys studied. 






The results of the three alloy series are summarised in Tables II - IV. 
(Fe-Al) System 

Figiire 2 shovs typical (Fe-Al) alloy Mossbauer spectra for three 
different aluminxuB concentrations. It is seen that there are no evident 
shoulders to the peaks and the fit between the experimental data and the 
computed curve based on the concept of an effective hfs field is equally 
good at these different concentrations. (See appendix A for further 
discussion. ) 

As seen from the data in Table II, the isomer shift decreases, the 
line width for the outer peaks increases, the effective hfs field at the Fe5T 
nucleus decreases and the value of M 2 increases in linear proportion to the 
increasing solute concentration up to 2.0 a/o. The decrease in the isomer 
'shift (i.e., becoming more positive with respect to pure iron) indicates a 
reduction in the electron density at the nucleus. Such a decrease in the 
charge density is expected to be accompanied by a corresponding spin 
density decrease resulting in reduced hfs fiel^ as observed. The line 
broadening with increasing solute concentration is partially the result of 
local fluctuations in composition causing a spread in the hfs field 
values. It also arises from the method of analysis as discussed in 
appendix A. The increase in M 2 with increasing solute concentration 
indicates increasing resistance to iron atom spin orientation in Fe-Al 
alloys during cold rolling. 

Figure 3 shows the variation of veirious parameters as a function of 
aluminum concentration. 

For A1 concentration up to 2 a/o, the iron lattice retains its bcc 
structure. The aluminum atoms enter the iron lattice substit itionally in 
the various near neighbor shells according to the probabilities given 
below. (*) 


P, V = P P 
(n, m) n m 


81 C^'d - c)®""l| 

6: c^d - 

(8 - n): n! J| 

(6 - m) ! m! 


(5) 


when c is the solute concentration. 




See appendix B for further details. 
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The effect of the presence of impurity atosra in the inner dhells of 
iron lattice on the hfs field at the iron nucleus can be expressed as 
follovsj 

+ an + to) (I + kc) (6) 

(sane as equaticm (2)) 

Considering all possible ctobinations of n and m, one mi^ write the 
following approximate expression for the effective hfs field:' / 



« Hp^d an + bB) (1 + kc) (7) 


where a and 3 are the wei^nted values for the impurity atoms in tto 1 nn 
and 2 nn shells, respectivdy. o and 3 are functions of the concentration, 
c . It should be emphasized that the concept of weighted values for 
impurity occupancy in the inner shells has been used only because the relative 
probabilities for 1 nn and 2 nn occupancies at concentrations up to 2 a/o 
are ^ ((0, 0): (l, 0): (0, l):: 1.00 : 0.l6 : 0.12 at 2.0 a/oj and the 
natural width for Fe57 is large (i.e., AHgff ^ F). The effective internal 
field concept has no general first principle basis.' ' 

The calculated values of for various concentration values are 

summarized in Table V. 


7*5 

The effects of 1 nr and 2 nn impvirity atoms are expected to be more 
important than the more distant atoms. We have therefore confined our 
consideration to the two innermost nn shells. The concentration dependent 
term (l + kc) may contain unresolved effects of more distant neighbors. 

(See appendix B for further details.) 

(«*) 

It should be mentioned that the VEiIues of are quite independent of 

the analysis model (i.e., whether localized or diffused band type) for 
dilute alloy systems. 
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Table V.- Sunanary of Values for Various Impurity Concentration 

Levels 


Impurity Concentration 
(in units of atomic fraction) 

®(eff) 

(in units of Hp^) 

0.0 

1.0000 

0.005 

(1 + O.Olta + 0.03b) (1 + 0.005k) 

0.010 

(1 + 0.08a + 0.06b) (1 + 0.010k) 

0.015 

(1 + 0.12a + 0.09b) (1 V 0.015k) 

0.020 

(1 + 0.l6a 0.12b) (1 + 0.020k) 


Comparing the calculated hfs field values with the experimentally observed 
field values, the following values for a, b, and k have been obtained: 



Figure k shows observed 


ratio as a function of aluminum 


concentration. Data from references 6 and 7 are also shown in this figure. 


(Fe-Ge) System 

Figure 5 shows typical (Fe-Ge) alloy Mossbauer spectra for three 
different germanium concentrations. There are no evident shoulders to 
the peeJcs and the fit between the experimental data points and the computed 
curve based on the concept of an effective hfs field is equally good at 
these different concentrations. (See appendix A for further discussion.) 


Figure 6 shows the variation of various Mossbauer parameters as a 
function of germanium concentration. Figure 7 shows the variation of 
(H(e^f)/Hp^ as a function of germanium concentration. The calculated 


values of the constants in equation (7) are as follows: 
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The (Pe-Oe) data should be conpared with the data for (Fe-Si) and (Fe>Sn) 
alloys (taken from refs. 6 and 7)» ^so shown in figure 7. The electronic 
configuration in the Ge atom (4s2llp^) is equivalent to that in Si (Ss^SpS) 
and 3n (^s^^p^) atoms and, consequently, Ge is expected to have similar 
effects on hfs fields at Fe5T nuclei in (Fe-Ge) alloy. 

The Gi. is^urity atoms appear to offer greater resistance to iron atom 
spin orientation during rolling than the A1 atoms with the net results that 
the iron atom spins are oriented almost randomly in 2 a/o (Fe-Ge) alloys. 


(Fe-La) System 


Figvire 8 shows the variation of various (fossbauer parameters as a 
function of lanthanum concentration in (Fe-La) alloys. Notice that the 
effect of La on the various iron Mossbauer parameters is much less marked 
than that of A1 or Ge atoms. It may be the result of similarity of the 
host and the impurity atom electronic configuration (3d°4s2 for pe and 


1 2 ^(eff) 

5d 6s for La). Figure 9 shows a variafon of „ ■ as a function 

^e 

lanthanum concentration. The calculated values of the constants in 
are as follows: 


of 

equation (7) 


a = - 0.015 
b = 0 

k = 0 


In the preceding discussion, it has been shown that the very dilute 
binary alloys can be approximated by a weighted inner shell impurity 
atom occupancy, leading to an "effective" hfs field in the allo”. Tb-’* 
field can be measured easily, providing an indirect measure of irapxirity atom 
distribution in the dilute alloys. Such information is of considerable 
interest in fatigue dimage studies in metals and metallic alloys where 
impurities - usually in very low concentration in solid solution - 
concentrate in the region of high stress, resulting in crack nucleation there. 
Periodic hfs field determinations can provide a useful indication of the 
imp\u*ity population buildup in the stress concentration region of the 
experimental specimen. 
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CONCLUDING REMARKS 


The effects of low concentration (< 2 a/o) solute atoms in iron-rich 
alloys have been measured using the Mosshauer technique. It has been 
shown that the concept of "effective" hyperflne structure field in very 
dilute alloys provides a useful means for studying the effects of progressive] y 
increasing solute concentration on host lattice properties. An "effective" 
hyperflne structure field measiirement can be used to infer the impurity/ 
defect distribution changes needed in Fracture Mechanics Studies. 

As might be expected, the electronic configuration of the solute atom 
is the critical factor in determining its effects on the host atom charge/spin 
’ensity (and hence the hfs field). 


’0 
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TADl£ II 

MOSSBAUER PARAMETERS FOR (Fe-Al) AaOYS FOR 
VARIABLE AL. CONCEHTRATIOH 
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mE III 

MOSSBAUER PARAHETERS FOR (Fe-Ge) ALLOYS FOR 




















TABl£ IV 

MOSSBAUER PARAMETERS FOR (Fe-La) ALLOYS FOR 



R 

0.92<I0 t 
0.0020 

•H 

& § 
MB 

o o 

0.9664 t 
0.0030 

+1 

LA § 

B § 

>1 

II 

m m 

o o 


A hi 

vl 

2.2377 ± 
0.0143 

2.2350 t 
0.0101 

1 

0900*0 

88X0*0 
+ £*742*2 

VARIABLE U. CONCENTRATION 

A a 
cS 'iS 
V i 

+1 

iT K> 

r>. ^ 

OO O 

• • 

O 

3.8879 ± 
0.0101 

3.8926 ± 
0.0107 

3.8912 + 
0.0060 

3.8798 + 
0.0188 

A a 

kO iu 

%€f3 

V 

0.3006 ± 
0.0038 

0.3216 ± 
0.0042 

0.2933 ± 
0.0035 

0.3137 ± 
0.0038 

0.2937 ± 
0.0036 

t 
• u 

CO o 
. x> 

s 

a 

+1 

ro 

OO o 
. ro o 

■ • A 

: o o 

1 

+1 

00 o 
O 

• m 

o o 

- 0.3827 + 
0.0025 

- 0.3809 + 
0.0026 

- 0.38D6 * 
0.0025 



<J c 

3 „ 

m 

o 

lA 

O 



5 

o 

iH 





o 













CO (R) SOURCE ABSORBER AL ABSORBER (5 mils) 



OSCILLOSCOPE 

Figure -I. Schematic diagram of the experimental set-up for measuring Mossbouer spectra. 







<6o), mm/sec (Gi), mm/sec {Pi.e), mm/ne 



A!. CONCENTRATION, 0/0 


Figure-3(o).Mossbauer parameter variation in (Fe-Al) alloy as a 

FUNCTION OF Al CONCENTRATION 
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ISOMER SHIFT 




Al. Concentration, a/o 

Figure “3(b). Mossbauer parameter variation in 

(Fe-AI) alloy as a function of 
A I Concentration. 


18 




39S/UJUJ *4!MS J9UI0SI 


Figure -3(c) Isomer Shift variation in (Fe-AI) alloy as a 

function of A1 Concentration. Also shown ore 
corresponding data from Refs 6 and 7. 



— — Dato from (Ref. 7) 
O Expertmenkil Data 



At. Cortcentration , a/o 

Figure “4. Reduction in hfs fieJd as a function of 
Al Concentration in (Fe-AI)altoy. 











Figure -6(b). Mossbauer parameter variation in 
(Fe-Ge) alloy as a function of 
Ge Concentration. 
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Isomer Shift, mm/sec. 


-0.40,- 


O LRC Exptol 
□ Ref -6 Cxptat/ Computed 
O Ref -7 Exptol/ Computed 


-0.39 


-0.38 


-0.37 


-0.36J- 

OL J 1 -j 1 1 

0 0.5 1.0 15 2.0 

Qe. Concentrotion, ^/o 



Figure- 6(c). Isomer Shift variation in (Fe-Ge) alloy as a 
function of Ge Concentration. Also shown are 
data for (Fe-Si) alloy from Refs 6 and 7. 


2h 



Figure -7 Reduction in hfs field as a function of 
Ge Concentration in (Fe-Ge) alloy. 



<6o) , mm/tec (6i),nm/aie <n»/NC 



La. CONCENTiRATlON, a/o 


Figure-8(o). Mossbauer parameter variation in (Fe-La) alloy as a 

FUNCTION OF U CONCENTRATION. 
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ISOMER SHrr.lSr 



l.4r 



qL I 1 1 1 L- 

0 0.5 1.0 1.5 20 

Lq . Concentration, a/o 


Figure -8(b). Mossbauer parameter variation in 
(Fe-La) alloy as a fimction of 
La Concentration. 
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1.00 


ho 







0.99 - 
0.98 - 



La. Concentration, a/o 


Figure “9. Reduction in hfs field os q function 
of Lq Concentration in (Fe-La) alloy. 


APPtolX A 

APPROXIMATE FIT OF UHRESOLVED MOSSBAUSR SPECTRA 
WITH A SINGU: LORERTZ^ LIKE 


It Is often necessary to fit an unresolved experlnental spectrin, 
T(x), vlth a single Lorentzian line if sufficient infomatiop is not 
available to permit a detailed resolution into its constituent spectra, 
I(x)|^. The compound line parameters (intensity I, peak position A, and 
peak vidth F) are related to the mcnents of distribution, as csen belov: 


I{x) = ^ I(x)^ 


n 

= I 2 

r\ 




° i^i (x - a. )^ + r 


n 

£ 




i=l fr ^A (x - a,)^/r ^A + 1 
to 1 o 


( 1 ) 


irtiere = relative intensity of the ith c<»iponent 
a^ * peak position of the ith conqponent 

= component line width (assumed equal for all components) 


and 


2 = 1 ( 2 ) 
i ^ 


For data analysis, we minimize the following integral: 


( 8 ) 


/M 

-o ' 


U). 

1 


(x - a^^)^ + r^^A 


(x - A)‘ 


+ T^/k ) 


dx 


( 3 ) 
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Differentiating (3) with respect to A, vaA T and integrating over x 
leads to the following equations: 



the left hand side in equation (U) with the introduction of the following 
moments . 


n 

<a> = 2 

i=l ^ ^ 


M * 2 u - <a>)*’ 

* i=l ^ ^ 


(5) 
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The final results are: 




It should he eicphasized that the above approach is Justifiahl-e only if 
the coigpound spectrum is unresolved, i.e., |a a^| < f. Any ccsoponents 
for vhich this condition is not satisfied vill be clearly separated from 
the other lines and should not be included in the single line fit. 
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AFPERD IX B 


LOCAL MAGNETIC FIELDS IH Fe X ALLOYS 


The aagnetic field at the iron aton (niicleus) ie affected hy the nuober 
and location of the isqpurity atoms alloyed with ircm. ^ In a randcmi binary 
solution, the probability of an iron atom living a' certain number of 
impurity nei^bors in certain neighboring shells is calculated as follows: 


^(0)4 * pirobability of n impurity at<mi8 in i th nearest nei^bor 
* shell 


Q) l (1 - c)>- 


nl (h‘- n)! ° <"-•=> 


i-n 


( 1 > 


where H = number of iron atoms in the itt shell in pure iron, (In bcc 
iron lattice, the number of atoms in the first through fifth 
shells are, respectively, 8, 6, 12, 2t, and 8.) 

C = impurity atomic fraction 

The Joint probability of n, m, o, p, and q impurity atoms in the first, 
second, third, fourth, and fifth shells, respectively, is given by; 


P{n, m, o, p, q) = P^(n) PgCm) P^(o) Pj^(p) P^(q) (2) 

Using equation (2), we calculate below the probabilities for various 
combinations of impurity atoms in the two innermost shells, for two different 
levels of impurity atom concentration. 
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Coordination C<»ibination 
Probability 

Bqpurity Ccmcentratlon 
0.5 a/o 

Impurity Concentration 
2.0 a/o 

P (0, 0) 

0.9321 

0.7536 

P (0, 1) 

0.0375 

0,1230 

P (1, 0) 

0.0281 

0.0923 

P (1. 1) 

0.0011 

0.0151 

P (0, 2) 

o.ooUo 

O.OOi+7 

P (2. 0) 

0.0007 

0.0088 

P (2, 1) 

0.000021 

0.00107 

P (1, 2) 

0.000015 

0,00080 

P (3, 0) 

0.000007 

0.00035 

P (0, 3) 

0.000003 

0.O0Q13 

2^1 

0.99995 

0.99985 


Thus for impurity concentrations <2.0 a/o in Fe X sdloys, there is an 
extremely small chance of simultaneously having more than three impvirity atoms 
in the two innermost coordination shells. Actually, the probability of 
simultaneously having more than two impurity atoms in the two innermost 
shells is only 0.0025 even at 2.0 a/o. 

The effects of impurity atoms in the two innermost coordination 
shells can be approximated by the following equation. 


H(n, m) = (l + an + bm) (l + kc/ 


(3) 


when Hq = pure iron field a and b represent the f^ractional changes in hfs 
field per 1 nn and 2 nn impurity atoms, respectively. The concentration 
dependent factor k may contain unresolved effects of more distant neighbors. 
Introducing the effects of relative probability for various (n, m) 
combinations of ipipurity atoms, the effective internal field in Fe X alloys 
can be calculated as follows: 
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®eff* 2 Pin. [H(n, m)]j / j; P(n, m)j (l<) 

1 i 

i It should be mentioned that as given by equation (U), has significance 

ohiy when one can approximate the observed unresolved Mos^bauer spectrum with 
a sin^*J.e Lorentzlan line (see appendix A). 





